Oxygen supply and diffusion into tissues are necessary for survival. The oxygen partial pressure (pO2) 
Imaging of hypoxic areas
. (2,2,3,3,3-pentafluoropropyl) [5] (Fig. 2) [10] . One drawback of the NIRS method is that it does not measure tissue pO2 but provides information on vascular oxygenation (oxygen saturation), which results from the balance between oxygen delivery and oxygen consumption [11] .
The detection of these exogenous hypoxia markers are based on immunohistochemical methods. 2-nitroimidazole derivatives, such as pimonidazole or 2-(2-nitro-1-H-imidazol-1-yl)-N-

Magnetic resonance spectroscopy (MRS)
MRS is an application of MRI hereby spectra of metabolic changes in living tissue are obtained. In 1988, Busse et al. [12] [14] . An example of monitoring hypoxia of rat tumour is presented in Figure 3 .
Two other MRI techniques such as blood oxygen level-dependent MRI (BOLD-MRI) [15] and dynamic contrast-enhanced MRI (DCE-MRI) [16] [18] . The changes in the EPR signal caused by the interaction of two paramagnetic species, molecular oxygen and the probe, allow determining pO2. The EPR characteristics which appear to be potentially advantageous include the capability of making repeated measurements at the same sample, site specificity and accuracy of the obtained information. However, although paramagnetic ions that, such as nitroxides, Zhao et al., 2003 [14] .
Electron paramagnetic resonance spectroscopy (EPR) EPR (or electron spin resonance) presents the unique capability to detect unpaired electrons. Thus, it can provide information about the composition and chemical features of a milieu or a tissue including oxygenation. The measurement of oxygen concentration by EPR (EPR oximetry) involves the use of an external probe (most commonly lithium phthalocyanine) consisting of either implantable paramagnetic particles, or soluble probe molecules (nitroxides) that physically interact with, but do not consume oxygen
F nuclear magnetic resonance using hexafluorobenzene as the reporter molecule. The H tumour (a well-differentiated and slow-growing tumour) was significantly better oxygenated than the AT1 tumour (an anaplastic and faster-growing subline). In response to oxygen inhalation, pO2 increased significantly in both the H and the AT1 tumours. Adapted with permission from Neoplasma press,
are likely to be used in EPR studies and unlikely to have significant toxicity, they have not yet been fully tested in human patients [19] . Also, with existing instrumentation, the sensitivity of the non-invasive method is restricted to 10 mm from the surface of the body.
Oxygen partial pressure measurement
The previous techniques achieve a precise imaging of hypoxic area, most often by labelling the oxygen content in a tissue. However, these tools provide information on the relative oxygenation, but they fail quantifying pO2 and allowing comparable data between techniques. On the contrary, the following techniques directly measure pO2. As previously, the choice of the method is based on its applicability to the experimental model and the nature of information sought.
Polarographic sensor
The polarographic pO2 electrode has been considered as the 'gold standard' for measuring oxygen tension [20] . Oxygen electrodes for the measurement in tissue and microcirculation are conventionally based on the classical Clark's electrode [21] . [22] overcame this problem by using a device which punctures the tissue in a stepwise manner; they were thus able to show the expected heterogeneity and distribution of quantitatively measured pO2. Last, the median pO2 values vary widely among the different laboratories although they are using the same model, thus requiring several comparative studies [23] .
Optical sensor
Recently, an optic fibre-based system has been developed based on pO2-dependent changes in lifetime of the pulse of a fluorescent dye placed at the tip of a probe. The most commonly used fluorescent dye is ruthenium chloride. The oxygen in tissue or fluids quenches the light emitted by ruthenium; the light quenching is proportional to oxygen tension in the vicinity of the dye. Oxygen is not consumed during the reaction, so a continuous readout of tissue pO2 can be obtained [24] . An example of pO2 measurement is presented in Figure 4 .
The emitted fluorescent light is transmitted through an optical fibre to a microprocessor which quantifies the changes compared to calibration data [25] [43] . This leads to higher oxygen tension in the hypoxic environment, and thus inhibits hypoxia-induced angiogenesis. ITPP is a promising molecule for cancer [44] as well as heart failure [45] [46] and that was recently shown to act through the redox pathway [47] .
Hypoxia mimetics: dimethyloxallyl glycine, desferrioxamine and metal ions
For tumour hypoxia modelling in vitro, the use of a hypoxia chamber, in which 95% N2/5% CO2 gas mixture was introduced up to obtain the desired pO2, was the technique of choice. Small molecules mimicking the hypoxic signal were also attractive tools. Dimethyloxallyl glycine [48, 49] , desferrioxamine [50, 51] and of the catalytic core [51, 52] metal ions [51, 52] were commonly used as hypoxia mimetics (Table 1) . Figure 5 . [58] .
In general, these molecules block the catalytic activity of prolyl-hydroxylases, an oxygen sensor able to inactivate hypoxia inducible factor (HIF)-1␣ activity in normoxic conditions. This shows how meaningful the knowledge of the oxygen status in normal compared to pathological tissues can be for the design of diagnosis settings, on the one hand, and for therapeutic strategies, on the other hand. This led us to define the physioxia concept.
What does physioxia mean?
The fundamental purpose of the vasculature is to deliver oxygen and nutrients to the cells and to remove dioxide (and other metabolic products) from them. Therefore, oxygenated blood is distributed in each tissue according to its function and its needs. These differ from one tissue to the other. A balance is consequently established between the supply/consumption and retrieval/loss. This is the reason why studying the biology of distinct cell types in the same so-called normoxia is not scientifically correct.
From air to blood
Oxygen is carried through the body from the breathed air to the various organs. This transport occurs in two different media: a gaseous medium (air and airways), then a liquid medium (blood). First, the oxygen transport is primarily achieved by breathing movements, helping the oxygen to go into lungs during the inspiration. Then, oxygen diffuses passively across the alveolar-capillary membrane in the blood, according to concentration gradients. pO2 during the transport from air to the blood that are considered as physiological in human beings are indicated in
In brain
In intestinal tissue
From 1985, Thermann et al. [59] 
In liver
Data on tissue pO2 in human liver tissue were limited until the clinical study of Leary et al. [62] [64] .
In kidney
In kidneys, oxygen was necessary for the organ function. Within the medulla, tubules and vasa recta are disposed in a hairpin pattern to maximize the concentration of urine by countercurrent exchange. Oxygen diffuses from arterial to venous vasa recta, which leaves the outer medulla deficient in oxygen. In this region, the medullary thick ascending limb is responsible for the generation of an osmotic gradient by active reabsorption of sodium, a process that requires a large amount of oxygen.
Medullary physioxia under normal conditions has been documented in several mammalian species. The medullary pO2 is in the range of 10 to 20 mmHg, contrasting with the pO2 in the cortex, which is about 50 mmHg [65] . In human beings, Müller et al. [66] have reported a study in patients undergoing living donor kidney transplantation. The tissue oxygen pressure was measured in the superficial cortex of the kidney before nephrectomy by using a multiwire tissue surface pO2 electrode. The pO2 mean value in the cortex was 72 Ϯ 20 mmHg, which is slightly higher than the previously found values. Data about human medulla are not yet available.
In muscle
Muscle oxygenation was highly documented and studied for 30 years. Bylund-Fellenius et al. [67] [76] and chronic bronchitis with respiratory insufficiency [77] ) showed no significant modification of bone marrow pO2. [80] . Moreover, prolonged moderate hypoxia (5% O2 or 38 mmHg) seems to be sufficient to stabilize HIF-2␣, but not to induce HIF-1␣ as showed in Figure 6 .
In umbilical cord blood
Because the majority of tissue pO2 ranges between 3% and 10% 
Role of microRNAs in hypoxia-dependent regulations
MicroRNAs have emerged as crucial players regulating the magnitude of gene expression in a variety of organisms [82] . MicroRNAs are short (20) (21) (22) (23) (24) 24, 26a, 26b, 27a, 30b, 93, 103, 103, 106a, 107, 125b, 181a, 181b, 181c, 192, 195, 210 and 213, which were consistently induced in response to hypoxia in breast and colon cancer cells [84] . In addition, few microRNAs were identified as down-regulated in hypoxic cells, including miR-15b, 16, 19a, 20a, 20b, 29b, 30b, 30e-5p, 101, 141, 122a, 186, 197 stimulating both angiogenesis and cancer cell proliferation [90] .The release of angiogenin from various cells present in the skin is very sensitive to oxygen pressure (Fig. 8) 
